An open-label, multicenter study was conducted to describe the safety of the 13-valent pneumococcal conjugate vaccine (PCV13) in 1049 individuals aged ≥68 years, who had previously been immunized with the unconjugated 23-valent pneumococcal polysaccharide vaccine (PPSV23). In addition, the safety profile of PCV13 in this study was compared, in a post-hoc descriptive analysis, to that observed in other elderly populations, who had received PCV13 or PPSV23 as part of other completed studies. Local (56.6%) and systemic reactions (58.4%) were very common, but were mainly mild, and of short duration (mean: 1.3 -4.6 days). There were no related serious adverse events (AEs) within 1 month after PCV13. 123 days after PCV13 and 94 days after a nonstudy influenza vaccine, a case of transient Guillain-Barré syndrome occurred, which the investigator assessed as possibly related to the vaccination. Reactogenicity observed in this study population was generally similar to that of other elderly study populations with PPSV23-preimmunized adults, and with PPSV23-naïve adults. Reactogenicity was less common in this study than that observed in PPSV23-preimmunized adults who were revaccinated with PPSV23 rather than a subsequent dose of PCV13. There were no related serious AEs reported after PCV13 and PPSV23 in these comparator studies. Conclusion: PCV13 may be administered safely to older adults previously immunized with PPSV23. (ClinicalTrials. gov Identifier: NCT00500266)
Introduction
Diseases caused by Streptococcus pneumoniae remain important causes of morbidity and mortality in older adults [1] . This is despite the availability of an unconjugated 23-valent pneumococcal polysaccharide vaccine (PPSV23) introduced in 1983, and the indirect effects on disease burden following the introduction of pneumococcal conjugate vaccines (PCV) for children over the last decade. PCV vaccines have the ability to reduce nasopharyngeal colonization and subsequent disease transmission of vaccine-type pneumococcal strains (herd effect) to older age groups [2] .
PPSV23, an unconjugated, T-cell-independent, free-polysaccharide pneumococcal vaccine, is efficacious against invasive pneumococcal disease (IPD); however, reports on efficacy against community-acquired pneumonia (CAP) have been inconsistent [3, 4] . The duration of protection is limited to about 3 -5 years [4, 5] , and revaccination is not generally recommended with the exception of certain immunocompromised populations who are at increased risk of IPD [6] . Studies have shown that a subsequent vaccination with PPSV23 may result in an immune response that is reduced in comparison with that achieved after the initial vaccination. However, the clinical significance of this is unknown [7] [8] [9] . A 13-valent pneumococcal conjugate vaccine (PCV13) was introduced for adults aged ≥50 years in 2011. PCV13 is manufactured by conjugating the capsular saccharides of S. pneumoniae to an immunogenic protein carrier (CRM 197 ) in order to elicit a T-cell-dependent immune response. T cells provide the signals required for the generation of B-cell memory [10] . PCV13 has thus the potential for eliciting a memory response with rapid mobilization of antibody-forming cells on subsequent natural exposure, and permitting revaccination, if required.
This study was conducted to collect additional safety information to support licensing of PCV13 when administered to an elderly population aged ≥68 years who had previously been immunized with PPSV23. In addition, the safety findings from this study (study 3000) were compared in a post-hoc descriptive analysis with those of two other PCV13 studies with adult populations. The comparator studies included one study (study 3005) which enrolled a PPSV23-preimmunized population aged ≥70 years [11] and a second study (study 3008) which enrolled a population aged ≥65 years not previously immunized with PPSV23 (PPSV23-naïve) [12] . All studies were part of the adult clinical development program for licensing PCV13.
Methods

Study Design
This was an open-label, single-arm trial conducted at 68 sites in the USA, Germany, and Sweden from 27 May 2008 to 16 April 2009 in accordance with the ethical principles of the Declaration of Helsinki. Informed consent was signed by all participants before study enrollment.
Participants
Participants included healthy adults aged ≥68 years who had received one or more doses of PPSV23 at least 3 years previously and who were able to complete a handheld electronic diary (e-diary). Adults with underlying diseases that were stable for 6 or more weeks prior to vaccination were included. Participants were ineligible if they had a history of a severe vaccine reaction; received a diphtheria-containing vaccine within the past 6 months; had documented S. pneumoniae infection within the past 5 years; had an immunodeficiency or immunosuppression; had a severe chronic disorder with renal, cardiac, or pulmonary failure, or received any blood products or immunoglobulins within the past 6 months; were on anticoagulant therapy or had any other contraindication to intramuscular injection; had severe cognitive impairment; or were residents of a long-term care facility.
Data Collection
The participants recorded local and systemic reactions on an e-diary in the evening for 14 days after vaccination. The e-diary prompted reporting of vaccine-associated signs and symptoms via a checklist within a fixed time window, providing an accurate representation of each participant's experience. Severity was assessed using the US Food and Drug Administration's "Toxicity Grading Scale" [13] . The largest diameter of any redness or swellling was measured using a caliper. Oral temperature was measured using a digital thermometer, and fever was defined as a temperature of ≥38.0˚C (100.4˚F). The highest daily temperature was recorded. Diary data were transmitted by the participants to the central vendor and thereafter could not be altered. The data were reviewed on an ongoing basis by the investigator and the sponsor, via an internet-based portal, to monitor vaccine reactogenicity and compliance with e-diary completion.
Other adverse events (AEs), including pain at the injection site within 30 minutes of vaccination, and other unanticipated events not prompted by the e-diary, were collected by the investigator on the electronic AE case report form from the signing of the informed consent form until the next visit approximately 1 month after vaccination. There was also a 6-month follow-up phone call to collect any newly diagnosed chronic medical conditions and serious AEs (SAEs) since the last visit. AE collection by the investigator was based on the participants' responses to nonspecific questions.
Interventions
PCV13 contains pneumococcal capsular polysaccharides of serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F (containing 2.2 µg of each saccharide, except for 4.4 µg of 6B) individually conjugated to nontoxic diphtheria toxoid cross-reacting material 197 (CRM 197 ), 0.85% sodium chloride, 0.02% polysorbate 80, and 0.125 mg aluminum phosphate per 0.5 mL dose. PCV13 was manufactured by Wyeth, a Pfizer Company (lot number 7-5095-005A). A single dose of PCV13 (0.5 mL) was administered by intramuscular injection into the deltoid muscle of either arm. Needle length was not specified and was left to the judgment of the investigator to choose the optimal needle length to ensure intramuscular delivery.
Sample Size
For the sample size calculation, an incidence rate of reactogenicity and AEs of at least 0.3%, a type I error rate of 0.05, and a dropout rate of no more than 5% were assumed. A sample size of 1000 evaluable participants would provide no more than a 5% chance of missing an event when the frequency of the event is at least 3 in 1000 participants. Assuming a dropout rate of ≤5%, an overall sample size of approximately 1053 enrolled participants would achieve 1000 evaluable participants for this study.
Safety Analysis
The incidences of local and systemic reactions, including use of antipyretic and pain medications, and other AEs were summarized using descriptive statistics. AEs were categorized according to the Medical Dictionary for Regulatory Activities (MedDRA).
Comparison with Other PCV13 Studies
Two other studies in the PCV13 clinical development program had enrolled subjects of similar age groups. One study (study 3005) assessed the safety and immunogenicity of PCV13 compared with PPSV23 in a PPSV23-preimmunized population aged ≥70 years who had received PPSV23 at least 5 years prior [11] ; the other study (study 3008) evaluated the safety and immunogenicity of PCV13 when administered concomitantly with the trivalent inactivated influenza vaccine (TIV), compared with PCV13 given alone 1 month after TIV, in a population aged ≥65 years who were PPSV23-naïve [12] . Apart from PPSV23 preimmunization status, inclusion and exclusion criteria for the study populations and data collection of local and systemic reactions and AEs were similar between the present study and the comparator studies.
The PCV13 safety data from study 3000 were compared with the PCV13 and PPSV23 data from study 3005 [11] , and with the PCV13 data from the vaccine group who received PCV13 alone 1 month after TIV and placebo in study 3008 [12] . The incidences of local and systemic reactions, and AEs were compared using descriptive statistics.
Results
Study Population
A total of 1077 participants consented, of which 28 were not eligible for the study. Of the 1049 PCV13 recipients, nine withdrew (three participant requests, three deaths, and three lost to follow-up); 1040 participants completed the study. Participants' demographic characteristics are presented under study 3000 in Table 1 . The most commonly reported comorbidities in this population included hypertension (69.2%), osteoarthritis (42.2%), hypercholesterolemia (30.1%), hyperlipidemia (26.8%), gastroesophageal reflux disease (27.4%), drug hypersensitivity (29.5%), cataract (15.9%), coronary artery disease (12.8%), chronic obstructive pulmonary disease (13.3%), asthma (12.6%), and bronchitis (8.1%).
Local and Systemic Reactions
A total of 96.1% of participants completed ≥75% of all days during the 14 days after vaccination; 60.3% of participants completed all 14 days of the e-diaries. The frequencies of e-diary-prompted events are summarized in Table 2 . Most of the local reactions were mild and of † Severity of pain was categorized as mild (no interference with activity), moderate (some interference with activity), or severe (prevents routine daily activity). ‡ Limitation of arm movement was categorized as mild (some limitation of arm movement), moderate (unable to move arm above head but able to move arm above shoulder), or severe (unable to move arm above shoulder short duration (mean duration 2.1 -4.1 days). One or more severe local reactions were reported in 17 participants (2.6%): eight had severe limitation of arm movement only; four had severe redness only; two had severe redness and swelling; one had severe limitation of arm movement, redness, and swelling; one had severe swelling only; and one had severe injection-site pain and limitation of arm movement. The systemic reactions were also of short duration (mean duration 1.3 -4.6 days); the most frequently reported were fatigue, headache, and muscle pain. A total of 17.0% of participants reported use of pain medication and 6.4% reported use of fever medication.
Other Adverse Events within 1 Month after PCV13 Administration
Pain at the injection site within 30 minutes after vaccination occurred in 4.5% (n = 47) of participants and was mainly mild (4.1%). Other AEs (179 events) occurred in 12.1% (n = 127) of participants; the most frequently reported were diarrhea, nausea, bronchitis, arthralgia, and myalgia, each occurring in 0.6% (n = 6) of participants. A total of 19 AEs in 16 (1.5%) participants were judged by the investigator as possibly related to PCV13; of these 19 AEs, injection-site pain (n = 2) and myalgia (n = 2) were most common. Of all AEs, 11 were serious; they occurred in 10 (1.0%) participants and included bradyarrhythmia, tachyarrhythmia, gastritis, small intestine obstruction, appendicitis, basal cell carcinoma (n = 2), loss of consciousness, hip fracture, skin burning sensation, and peripheral arterial occlusive disease, but were assessed by the investigator as not related to PCV13.
Other Adverse Events during the 6-Month Follow-Up Period
At the 6-month follow-up phone call, 10.2% (n = 107) of participants had newly diagnosed chronic medical conditions and SAEs (173 events): osteoarthritis (0.6%, n = 6); chronic obstructive pulmonary disease (0.6%, n = 6); pneumonia (0.4%, n = 4); and arthralgia (0.4%, n = 4) were most commonly observed. Of these AEs, 41 (3.9%) participants had 67 events that were serious; neoplasms (1.1%; n = 12) and cardiac disorders (1.0%; n = 11) were the most common. Three SAEs resulted in death and included metastatic adenocarcinoma; non-small cell lung cancer; and septic shock in a participant with underlying lung fibrosis, Klebsiella pneumoniae, and respiratory failure. Two participants reported AEs judged by the investigator as being possibly related to PCV13. One participant who reported paresthesia of the finger tips on day 16 and myalgia on day 32 also reported, in the follow-up period, arthralgia on day 106, bursitis and tendonitis in the right shoulder on day 142, and bursitis in the right hip on day 142. The other participant developed Guillain-Barré syndrome (GBS) 123 days after PCV13 and 94 days after administration of a nonstudy influenza vaccine. This participant also had eczema over the scapula area; a Varicella zoster infection was suspected but the diagnosis was not confirmed.
Comparison with Other PCV13 Studies
The demographic characteristics of the comparator studies with PPSV23-preimmunized participants (study 3005) and PPSV23-naïve participants (study 3008) are shown in Table 1 . Mean age was generally similar across studies (range: 72.1 -76.7 years). On comparing the two PPSV23-preimmunized study populations (the present study 3000 and study 3005) who received one study dose of PCV13, the reactogenicity of PCV13 was generally similar, with the exception of muscle pain, which was more common in study 3005 ( Table 2) .
In study 3005 there was a comparator arm in which participants received a study dose of PPSV23, in which allowed reactogenicity to be compared between PPSV23-preimmunized participants vaccinated with PCV13 and those (re) vaccinated with PPSV23; here redness, swelling, limitation of arm movement, fatigue, rash, and new and aggravated muscle pain were statistically significantly more common (p < 0.05) after (re) administration of PPSV23 than after administration of PCV13 ( Table 2) . When the present study population was compared with this PPSV23-comparator group in study 3005, again the majority of local and systemic reactions were more common in participants who were (re) vaccinated with PPSV23 in study 3005 than in those vaccinated with a subsequent dose of PCV13 in study 3000 ( Table 2) .
On comparing the PPSV23-naïve study population (study 3008) with the present PPSV23-preimmunized study population (study 3000), the reactogenicity of PCV13 was similar across studies; exceptions were injection-site pain and fatigue, which were more common in the preimmunized study population of study 3000 ( Table 2) . Generally similar findings were observed on comparison of study 3008 with study 3005; here, injection-site pain, fatigue, and new and aggravated muscle pain were more common in the preimmunized study population of study 3005 than in the PPSV23-naïve population of study 3008.
Other AEs reported in the comparator studies 3005 (14.9%) and 3008 (15.8%) were generally similar to those observed in the present study (12.1%); but there were no vaccine-related SAEs after these study vaccinations in the comparator studies (data not shown). Information on AEs for each study is available elsewhere [11, 12, [15] [16] [17] . 
Discussion
As PPSV23 was introduced in 1983 and is generally recommended for adults aged ≥65 years, there exists an elderly population who may have received PPSV23. As the period of protection of PPSV23 is limited to 3 -5 years, this population may require revaccination [4, 5] . For this reason, the safety of PCV13 was assessed in adults aged ≥68 years who had received PPSV23 at least 3 years earlier as part of the PCV13 clinical development program. Reactogenicity was collected using an e-diary. Reactogenicity data are considered possibly related to the vaccination due to the temporal association between the event and the vaccination. Compliance for e-diary completion was high, with only a small percentage not completing ≥75% of the 14-day assessments. Overall, e-diary-prompted events were mostly mild and of short duration. Fever (≥38˚C [≥100.4˚F]), which is commonly seen in children after vaccination, was less common in this elderly population (1.1%). The most commonly reported events were injection-site pain, fatigue, headache, and muscle pain. Severe local reactions were uncommon and observed in <2% of participants. One possibly related SAE occurred in this study. A 78-year-old female participant developed transient GBS at 123 days after PCV13 and 94 days after a nonstudy influenza vaccination. This participant also had a suspected Varicella zoster infection, although the diagnosis was not confirmed. GBS is commonly temporally associated with infections, such as Campylobacter jejuni, cytomegalovirus, Epstein-Barr virus, Mycoplasma pneumoniae, and Haemophilus influenzae [18] . Lasky et al. reported that 6 to 8 weeks after influenza vaccination, one per million persons may develop GBS [19] . Reports of an association between a meningococcal conjugate vaccine and GBS remain unconfirmed [20, 21] . A recent publication on a retrospective study of data from 1994 to 2006 from the Kaiser Permanente of Northern California (KPNC) health care delivery system reported no evidence of an increased risk of GBS following vaccination of any kind [22] .
One limitation of this safety study was its size, which cannot reliably detect an increased incidence of rare AEs. Another was the lack of direct comparison with PPSV23, a licensed vaccine with an acceptable safety profile [23, 24] . However, direct comparison data are available from other studies [9, 11, 25] . The safety profile of PCV13 observed in the present study with PPSV23-preimmunized participants was similar to the safety profile observed in other PCV13 studies with PPSV23-preimmunized and PPSV23-naïve participants of similar ages for the majority of events; exceptions were injection-site pain, fatigue, and muscle pain (study 3005 only), which were generally more common in the PPSV23-preimmunized study populations [11, 12] . PCV13 was generally less reactogenic in the present PPSV23-preimmunized study population when compared with a similar PPSV23-preimmunized study population (re) vaccinated with PPSV23 [11] .
We concluded that PCV13 may be administered safely to older adults previously immunized with PPSV23.
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